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[ « ft » # © « B ] 
[fl«ll] 

c i ) # 5 x k m it /< * v * u % mn m a v *i ta ft s w iw it « * « a f 5 , 

(2) ±iB»fb/^^^A3RBi)tii©witsaiir±8E^7^%gaflii-*^iBoawttaia 

& a v x o 
[ m # * 2 ] 

Br«3tS«IB±ll^, »ft*-*VJR*t8*»&ft*. WsR«illS«©£«fl6g»iWJt»r*i5!f 10 

5 X o 

[ 3Pi * IM 3 ] 

nJfllMfiEtJIBlfciltf, I TO, ZnO&5<y'Sn0 2 % (^(iJc^^/jPOtO^^ty) 
[ » * * 4 ] 

5JI!ftKftRltl£tf>Si0 2 , A 1 2 0 3 , Z r 0 2 » Y 2 0 3 ,CeO 
2 v S i 3 N „ , H f 0 2 > N b 2 0 s , S c 2 0 3 , X(iZ n SOI 

5 ] 

[ m * s 6 ] 

II*«lta«CO^^tlSil^7tWr^A"^XtC, 1 TO, Z n 0 £ , S n O 2 & X fi (2: 
oaWil*KJ;ij»»g»S*IAl/T)IB*ai:Lftcl:, XBAg, a u , Ft, 

n ma m & a =7 x o 
c » * * 7 ] 

w««oii«jas*±E*5x*»iiT*2Siiii©af£oiBHiaa#ieK:HSb, nr k hi n 

ft * j§ ii 2 * , ss m (0 ri it ± £ 1,1 « $1 II * T 03 s t * ft SB b © it ® * j§ m £ * , M ft 30 

iaa * ± in * i: t «h » * s k k w l t w jift-r s j: 5 tc t , f« * *i 12 « © £ e 

C M # 9 8 ] 

ft£ili® 2!MO&lK#±lBM3t&lg*±|Bl« t £ ft i$ S> $ » CD * II ft & £ jg !0r 1" 

5 j; 5 (c l ft , in*aiia«o^«fl6Siiii)tBTj»^7x, 
[ it m m 9 ] 

s « , $ ft , WKBittJttaia**, sgiii^icguLTiistsi^aft, w * 40 
[ 11 m 1 0 ] 

[ 11 * a 1 1 ] 

»Jtilo||J1fiii**±IB*5^*ttllbteffilHlOW«0«Hiaflt(*ifi»cttfiL. S IH O M 

a # ± ite .1 ft iu it # t *fc*WriiJ*»60)i£«i*aa**, ,i ft m m*±\saz tz%<o*i 

[M#fll 2] 50 
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■ *iloil«»**±B*5^*KSLfcffi|lllom*o»llil*#5fi»c»Sl/, smioi 

o 

[ 11 * a 1 3 ] 

asftigeD3iftraa*8r£tts?afitt>fik:i8SL, ±te#7X£^'t3£iH<£>satf±ie 

i^sa. 10 
[ m $ g 1 4 ] 

■l*«iE*o^«ffie»ilitK»*5XK±0S?lll*@x*;l'4 J --e'4!il'r**ffi-l?ft 

a , ffiBB©jaa« t ±ian}tiaa*Tia«i:*wfflj* , 6o*BiJie}»*aii*«. h ft is a * 

±[5]£ttc>J*Ift£aii£-<i:> W SB ^ O ff i! ^ (D $ iti £ JS W L , S Hf ii , £ IB © fi S 

# ± hS ,i ft jg a * ± Zttft X frb<OMM<D*MK®Zi&m-tZZbZ®®L£*Z'&m 

inxmi 5 ] 

±iB£«fiSeftlWftW&#7Xi:. SKffMtf?x*ftHT&£M0aft*ffi£0U''Ol/ 

t g ij n si -r § is & * # t s 2? m mmzmntvimt ut*, m ft»&a%± e # 

7^*»iiLfe2siiiiom£o3!Siaa#ififcift£L, n m m ic a , a»Hoaa*<±iaii3t 
iafi*Tiii5i:f«»*^o)tiR*aas*, ajtiga*±isi*i:tBrffljt*ajfls-e-, 
w»^oBH»©ii!in*xwL, ^isjta, 3fiiBoiaa^±iaa3ttSK*±ia«i:*5i. 

»^6OililO*RIJttJ»*aKr**dlcLfcci:*!#llt-r*±EffiW^Xf-i» 0 

[ ?g bj : j © # n £ m m ] 
[000 1 ] 

* 56 aj| tt , Mtt1tftg£ffift4iflB*ft-& » o |fr ft $ ft fig ft ®j f| JttWJ»#5XfcBII , r*ti©T 30 
& 0 , IKlUtt, IMfc><+^*A*«ftJii:RjtjiftgWBit«, &*SJgfttH*®§iL 

© t « 5 o * 56 to u , « * wr , a « * g k $ . m m , » ne . mfTft&ifo&ifjtttc, * 

ffl T - & %> o 
[ 0 0 0 2 ] 

[ * « a ffi ] 

-»k:, $Ht S> •> A3Mt£14l. T % fc> % f& it i~ ¥ V .L (VO z ) SttSttS^ 40 
t^^^cSlttif^ 6 8ri'¥I» • ^Iffil^i;i§^-t^D = 7 ^#tt ( S a tc 

£3ft!t#14<DnJ&&g{t:) £ £ L . W * If , ^)"Xfy (W) &if<D&Sftiit<D^j!jQT' 
*©K»iaa*TtfS«:i:^-p$soT*, ft # , £ £ , ^tSiiafi:ioT*IB)t*e»W 
fcWBST*t*&3-T*y^#8i:LT»fa£SnT^S ( t% ¥f «F * 1 # SI ) . Kft * 
i> A £ 13 ft & # *4fc o ^ T fi , «Jfi««3f#KmJtlft±, afcfl-Slft* HI 
ftB#te*>1tK:^iaftaWT&Si:v>?*£fc*iJ£tf&5o lCT, ft ffc *? V A & £ « 
, K & rg a IH S?s o /c 46 fc ft Ht hu & if % ff o ft ft m -f v v a £ § ty , @ ft + -J *> h Z 
>b t L fc H ft 0 * It -T 5 o L L 1$ ft % y U * S! © fit ft /< * ^ •> A IS #1 ft S tc o 
^Tli, i: t BJ ft IS H T- co ft a $ * # # * tc /h £ ^ c ^ , #-4Pft«fl6Lft»«f 
fc4^C i4Jf5)*#)5:^^*^r3fc„ 50 



(4) 



JP 2004-4795 A 2004. 1.8 



[ 0 0 0 3 ] 

$/c> BiDitKSLTiiutT, (mm) *s*f* «««« wr 

(Low-Eif7^, & $ K It 5 X ) C ft fC ti , ±HTAg, Au, C 

u, Pt, A I ftJfO^ISfl, S^liT 1 N, ZrN, H f N . CrNftifO&JSgft: 
tt»flS, «V>»iSKIV«ttttfb««M, Rtf««, gMBjt^MlLftJiaciliOll* 1 

«*>tiT^* c^^i i FX«2#^) o *tHffl<ftf£fifc«#-7X(i, w*ur, s tc * m ft <o m 

T-fet), W * if . Mfcfi^MftBat&fcKfcf-rstf, # ft if »c & &tcfti;Tfllffttiic*:m 
«M4irticis»)xn5«*, -r ft t> % , ia*iajsti:«k-3TSiiwtc««i«r»iiii-r5««g 10 

tfft l^o 

[ 0 0 0 4 ] 

* . as ic «> , m k ± o t n ft -r § si 3 - r ■< > tt 14 * s % o , m 7L tf , i$SA-f Hny 

;U £ fig o fc g $ IS » S JR 9) ft # =7 X ft if 3 (#&ftXiK3#!H) o L L ft #6 , * 

C ft 6 , f'JTftfflS^HtKfijRSnSttJfi*^, # lc, |» 
ill 4£©,fc3ft»»{*©Btt8fctti«l&;!FnK<i^. 

- 7? , SHfc ? > & (T i o 2 , ftiR^inw&Q^itfr) ft ftt « it , Kf?« ft B > ?N H 
, «*BMtftif0*l8ft«te*#t>T^* (#«r ftXitt 4 #B8') „ L*»bft^6, COft 

m k «■ *4 -e u: , -t - * * n 5 y {? m ft m m * * f c t # ft ^ . 20 

[ 0 0 0 5 ] 

[ # » X « 1 ] 

S. M. Babulanam, T. S. Eriksson, G. A. Niklasson 

and C. G. Granqvist^Solar Energy 
Matrials, 16 (1987) 347 
[ # » ft X flt 2 ] 

= a-^7^^F7^, -a-ij'7XA>F77i/|filgIgi, 19 9 1$, *l « 

[ IE 1# ft £ « 3 ] 
iS2WH:*fiX^;l/^-, 1 997$, 2 3 1, 4 9 1 

[ # W ft £M4 ] 30 
lUttfi. 1999$, 6 ^ 

[ 0 0 0 6 ] 

LOii^ttSOtt*, * % B/j # u , ±K«£*fiSffiKtS*T. ± IB ft * ft ffi © H N a ft 

* n ic «r -r s c t £ oj fig t -r s *; l ^ £ mmm ft * m a * * c t * 1:1 0 t uiki 

0F3Sfc£*«tafc*£«, ®ft^^>>^/x^ilft)iRD*5JllftSW(^±Bi^^fflUfc^7X 
<o»ft®«*WWLTai»*tfdci:K«J:»). «T-5x*ce«rMIJtWr«i«ft6, * ft « B K « 
ft > ««»ft«fl65¥*(*iiPbT*«(llfbL^*i:4:*MltBL, SKfiJFSSfcStaT, * 38 W 

51 £ ft 9 ii « 'h * ^ c i: * ft * W ic m & ? % t Ib] e$ tc , ft L < SS « m * An ^. £ $ ft 40 

@»ijei»!j7xtai«r«ci:tiifii:ts. s , * « w « , pftSi©«js^faB 
«e*«H»c^ < ft i^ft Loii, fftt>%iift**6, **9fc**c fc*pii!ik-r*« 

, * 58 Ultt , -y- - * * a = -v >j |'| flUj 1 ft $ ft , Ift f'j , ft m > ffl Jk£ , « « » it. » * , * ^ 

tt«7jcftif«ftjB!«i«ft, w s » n is ii m m ft , s tc , # k a ft s » * mi » t % m ft a 

iitt^ft, St/«aftWf}»«ft**SfllUfc«rU^Kttft3!f7X*|fflaL, Jf(tt"r^Ci: 50 
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[ 0 0 0 7 ] 

c t ic .j: o ± IE # 7 x K ft & a* ®t & 81 f£ £ ftp L c £ £ «f lit 5 2®m H a M Jt $r 

& "7 X „ 10 

(2) »fbf-*>*tt«^6a*, sue (i) !B«<D^«tftiifjp 

(3) nJfflJtS*tW±SI* < , ITO, ZnO*RtfSn0 2 S (SttTiliilOOtO^ 

o 

(4 ) 5J?S7tS«W±I^. S i 0 2 , A 1 2 O 3 > Z r O z , Y 2 O 3 
C e O jj , S i 3 N „ > H f O 2 , Nb z O , , S c z O 3 , X U Z n 
S©I9)*t£»*)foRHt«fifr64S ) hu IE (1) IEtt©$«gflgi»iM7t»T*&#7 

x 0 

(5) mt>* + v *j i±%^%%cft, mit^i- is v l,, &mn.mz mm l remit '^t v * l 20 
. # & m ft m * ■& m l tc m it * -r v * l , x u it & ft * & ftp l fc & ft /\ -r v v l. x & 5 , 

(6) mj 15 (1) Bmozmmswiffiytwimtf? x tc , 1 to, z n 0 & , sno 2 & 

s Pt, C u , A 1 X (i » © $ 151 S it ft K * iS ftP L T « H fit iS t L ft C * ft ® t t % 

( 7 ) n 7t w © m ftuutkjLtniS 1 ?** ® m f us © m s © « b s m w & tc r & l , ut 

fcpj?l7 , c^3gja^-y:, £H©®8#±fESittfflS^TlH]£fc*ttSBfr&©ttl»*aa<*-8- 
, «JtiSl8%±lil5i:tlgSI»«:SrtJcK»UTflf»H-*«kdKUfc. tu 12 (1) IE lc © 
£ tt fi I'-i 1ft H )tHft*no 30 

(8) ii*iioi«ji**±E*5^*Rs^*ssiiiifl!)mjeo»wji«wifiicB3eu, « 

58«r1-*J:$»cLfc» hu IE (1) IE«©^«flBiii«^W3ft#7Xo 

(9) Ilft«©IBttffiS*ffi£ttaigfif\fifi»«:RS£L. ±IB*5^*RSr*ffilH©»* 
± (IE M 3tt iS /£ % ± N *£tj§#l©*R§ft&*agWr<*-e, T 5 £ # ft ffl5 6 © * PB ft 

£ a ii s « , s , tcBjsjit^iaast, *u»*articE»i/TKi»t« iitift 
, M G (i) se«©*«fiigi&ffl}fe»f&#7x„ 

(1 0) hD IE (1) iet©^iffig»ii)t»i^^7^i&#«SIi: LTttfC t^^SIt 

r§i3ft&t>"K&«i&i£t-f3#iiigi5tto 

(i i ) fiu is ( i ) E«o*«ffisi(iiiJttw«>*5^*W3tt'r*#ft-ea5t>T, m ft m © 40 

■Htffl«*±E#7X*»HUfc2SIBOHf3£OIBHa«f«fjfitSSL, £ © S g ± IB 
Pft^®£T®Sitftg|5fr6©fti&£)iiS£-e, WJtjfiS*±iaSi:t)t©nlffi»»«r 

(1 2) hu ie (1) tzm<r>%mm&mm%wmi37**mKt %K&xhr>x , mxm<o 

P^?SjS% ±IE^ x*Rj£bfc2SM-©ffiJ£©ft»i!SttifiERlEU > S © S g A< ± IE 
ll^fSJS^±(el5t^ngl5A^©*l^^^^ffitt^SCi:^^ai:-r? 1 ii7 , d7?iSo 

(i 3) mis (i) E«©£*AEi»mtt«j»#7**H)fc-r*£ffi?fc-3T\ p^bi© 
* 3t ist torn 'u & n is it ,a it' l , ± iiE #7U r it' -r 5 « ny © u m ± ie «a ^ s a 
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(i 4) fluie en mm<D£®m&®mKW®tf7x\c&K)£M*g3-*/i¥-?£mt 

5 -ft f£ X * o T , 

,1 it ik © ,11 it ffl m % ± iia # 5 x £ % ii u & ik] o Rff m © $ s a a a k ;ia & u , mwswic 
« , ^McDSs^±Kp7tsa^T(Hi§ttngR*^©i;m i eift^ji)is^> m it a a & 
iiHisttBitiTt^jgii^^. ^g[5^ro!is»io»tij^3iwu, ^ s b# ic « , g m o a a 

^±EBJtJB**±S*fc*^»^6011ilO*ll«J»*iBK + *Cfc*Wilkt*ffill 

(is) ao e ( i ) e ®<o&mm&mmftmmif7*% m ^ fc ?s i^fiT-soT, 
£S»iiiii»*s«te*fct-5£HSB*«iSB*i: lts*, »}teja©siiteafi*±E# 

7 X * if t fc IN © Bf 33! © M ffl Ot to ifi K i f fi SE L , Ig^RHctt, * [Mil © a a ± E $8 it 

um*r® & t % ft&fr % (Dftm*m)&z , mftum* ins t *Rna)t*ajis « , 

[ 0 0 0 8 ] 

[ 5£ 0? © $ ffi © Jg tt ] 

*»we«, #5xk, *ffc/<*s;*&*n}tttHRtfigffljfcE»i*jh#8, ^ntsw** 
f4*s%awni#&a : JPS'p3-r-f>ytT««fliia*jBa"r*. ± e » 20 

n © «s m a a ft a 0 m & © u ^ k is h 1 5 # > jfiica, « *. t* , pitsa^icrtu^ 

fifiltifi, i£ </Mi * tl <fc 0 ^ ^ ffi 46 («Atf, 2 0°C) iCfSSf 3 46 K, » ft + S> ■> 
Alfii^^tC^y^XrV^iffOTt^CD^SD^tfo (M¥7-3 3 1 430, V - * 5 U 
5-y**tH©»ififfi, 1)11 T8-3 5 4 6, - * 7 p 5 <y ft sft © $| jg ^ g ) „ * ?g H>J 

t*ii, #7^t±E«ik'^ v*j Lmmftmicm*. , ^mfts.mm±m^B^.t c 

©Ig^, ffUli", T i O 2 , A 1 2 O : , , 7. r O 2 , S i O 2 , Z n O , S i 
N x & if © - 3 © ft £ ^ £ 'X/j ? & 9 , «t, ± E BJ fi it g St 05 it M ic IK fb £ V % ft 

®mmmzi&o ®Gtf%^iffmT'&r) , *rz, ®ffiR%®m&it<orz)t>, no, zno 

, S n O 2 & & if , 9 W $ '1 ft ft li A< i$ T * 3 0 Ch60»8ttW fc M IStlSt 30 

© t* tt * < , ± e it & va t n a& © t> © T- % n a? n # tc fig jb -r 5 c t a* x £ & . c n tc * 
, ^*jtaa*ofii±o«fr, B5a&»*§s<ft$f?g. w^, ma, «i«s»ft» »* 
, m^it®*%z<Dft®m®mjkvmftmmw®mtf®t>nzo 

[ 0 0 0 9 ] 

It ft /< ->*•!; i» Jfi it ft li , fttfaffc*-*y**©ffi0nJffl3fcEWRi±*f||, 0>U . Z 
rC>2 .Si0 2 . A 1 2 0 3 . S i N „ , ITO, ZnOI, Sn0 2 ^ 

«§ * ^ *> * a , % e -r 5 ^ at 0* k * s n 5 «t -5 tc , &vnn<Dft*nt«i*mr>x 

tt*K. & Z £ tffX'1* %o iHfltfe^TIl, ±aj©)t^^fC, ^©tttl^r^iii 

L T HI it EL WS m ih ^ II % IT 46 , ^ M S » V P£ , *B3tiWJt«ffi*if*a*IS»C"r*fe«> 40 
K, ^^©iHW^ffi&^tott, Sfc, ^«^^ ; e©«§4fflfiSc, « I/ Mitt 

«4«iS«:*rS»l», StMie?^ftSH©ffiffl^t©fiefflBWKfSi;Tffiigfci5W-nlfl6 
T'$5Cittf5S?U^ 0 lfcfk/<^^f^3RliJt ft © f3 it a it s iff® IC It , 9J ^. 
tf , M ai * 7c iR iS *o * if «t 9 IS S © R S a ( x. ti\ 2 2 °C ) iO^^l^jgg (ft 

* tf 2 0 °c ) wsfitciftjer** 1 , * 51 0^ « > c n s t m pi s n 5 1 © tm* ^ < , am* 
ttiticssiisi, *x*;i/^-KBt,w«6*i5Sffls, x a s mms. t mm 5 # it 

B X- ii U © V <-< ;l/ © jg a tc R £ f * c i: ^ T- * « . 

[00 1 0 ] 

* a we »4 , e <t /< >> a c & jr ?c x x « ^ ^ a * r£ to l t * © n it a a * m s © u ^ 
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x t y © m *n e w s n * t © 7? « 4 < , ti ft a a © w tp © it #> e , m it /< * j> * a ^ © 

^ « # & R > A if > Mo, N b , T a , F , N 9 © $ Jp £ $| t» £ § C t ■ 
8S^T'^A\ I: ft , * % H E 43 V> T (t , M3t$0jlAttKttttffi0)|tq±0);fc&tC, ft 
fb ^ V s A 's © ft ig &P , m*.lZs A g , A u , C u , A l . N ft if © m fa , </Mi » 
31 £ E iR m S *f 1 » * if , I TO, ZnOl, S n 0 , £ , Ag, A u , Cu, Al 
, T i N , Z r N%E<D®Q kft* tffX't Stc, mftJft(D&mm&<D 

rctbic ftmrfchw^nmmvmx. ft if * 1 5 c t & x 1 5 . a e , ^©H/jSe*') 

»fb^*^}t*llBl©fiHt*|flJ±*#**J**, * ft BJUc fc If 5 ft ft * y $ jg tc fe iS ffl 
LlUiltlif 9ST'feSl\ 10 
[001 1 ] 

* ft m E *5 T , — "3 © ffij t Lt, * £ # 5 X © Jf £ © II IICO^TIJ, A"7X<D1 
rtfllfcWMfctfJBlSSftStf, SWEJEtT, IS flU E $ 1" 5 C i: & oj fc£ T* & S tit 
, ^7#5X©Jf£©if HJRKO^Ttt, IWCfEDT, S I*] f! , g fij $ ft a ^ 7 # 
9X^«trrt«©H%6*»lcfflB-r*ci:t,pIfl6"e*4o f ft fc> ^ , *a«K*^Ttt, 
RSfia^tf^XJCJt-rsWMSOffillfttffcl:, S E *C U T , ffiStgiSCttfnril 
T* & § c 

[0012] 

* y f x r > m in & ft y v h m m © ft m e « , m * tf , g tt x ^ <> * a * s fs fa n § 

o c©tf£, * y yx f y *ms«^tr/^ v <y a© * -y v h *sjstt x^ «> * . 20 
^ « ^ > y X f > i: y' t> h $ - f v h*-7crai^^^'y*, $5^(^y^Xf> 

* # Cf 6S ft i- v ^ ^ A ft £ «j ? - y -y h*X/<7*t*CtlLj;0, p/f ^ © in y f X r y 
»iin©»fk/^^">A»ll*ff»1-4. « E , aTftft£ttffiitM?ffi«KttffIl0fta! 
t> , 0IJ ^. , X ^ -y ^ ffi E £ 0 fr t> n 5 , C n E M PS $ tl 5 © T ft V> . 

[0013] 

K ft f - * > ^ bt ?! « g « M (c -d ii t « , m * tf , f - * > ^ JB * - y -y h * ffi o fc g f5 14 X 

/^>y ^ ffi , m it * % y ft * i% * - y v h * x ^ <y ^ -r § a tt ^ : e * d « « n § „ con 

^ , tt ft ^ ^ > © ft tt » » tt © |RJ ± E « 7C )R ^ ta * m mU ffll ft if W S» T? 0 v X 7 * 

*tt*ffl«lcWSlt5:tKJ;!)BiSfflej||A«|giSih5. *aiE*^T, W f$ © « 

j£i ?3 a l r u , ± a © a ? e , x / w ^ ^ ^ «= a ft iw 1 1 x m ^ ? n « ^ > * © ffl © 75- 30 
a . «Aif, i$ita, v ;i/ y ;u a , x 7° v - m , c v d a ft if © 77 a t , * m m e ff 

5»)««5|s4Eo^T©RfT^©^jiSD*li1#tt*M#?>ti5PS0> # % T * •? , c n 6 © ft SH 

?j m e o !/■> t a % e mu ps £ n s t © x a ft v 0 

[0014] 

* a f I T* « , H 1 ') £ © £ 5 E , =? x E d f b + ^ >> A & M ft iW flSS^Bj f 1 ^giKihl^ 
lf?^^§o c©Jf^, ar»Jtfi»IB±ilt LTKfb^^ >ft»^»H^f$ffl-r § i:> V - 

* ^ n 5 -y ^ g»iB3t«|fl6©fttE. iaB. ffi H , ^«i^fb> »7k. g2 l> it ft if 
©ft^4««tg> IS^niAyHl, IK, PftB^EjiWT'iBVRl^ft^Stt^afiL 

ftiittfilSi)iift»T^*"7Xi:fS(:i:^T'ts„ 

[0015] 40 

«g#t5SE«ftif*»)l-rSo c © « ^ , fi#IBih4:fcfe»t:J»«5W»fbOfc», I to, 
Z n O $ , S n O 2 ^ ft if, jg « f* if fl| !fe ffi ffl t 5 , iiiS IS ft M IS ffi^: H tra L ft 

[0016] 

*a«t*^T, *tasft^«> iSfli^©^^, isftsa, s^ffiHft if *iE»KRs 

X E ft f 5 c i: pJ (i E L ft C T' & 5 „ * « W ; J © ^ « fJ6 lil i& U) ft Wr & # 7 X © «? it & 
tfffffl5»a©«HS*H 1 Kilr^^TKW 1 *"*. CCT'IJ, HijfXCT i 0 2 / V O 
2 /Ti0 2 3«fg)i^ff^fi)tbftt©^-f?iJtUTaJiBi!-r?.otA 1 t,*5§0fl©^^ 50 
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m i n m it w\ m a ? x <d m m a , c <o m tc is s n s & © t* « % < , tc n j3s /ra & i? tc * 3 

HJtJSWffiloHJtfflJSoiftS^SailSWfiftt©*^, Ti0 2 & Wft © rJ Si it 5 it K it 

& K 'M M T t 5 c 4: tt ,"i 3 itU^. 
[00 1 7 ] 

wt, HiK»-d^T*aw©iiiiii)tBrj»ofli**WL<Biwr*. umttemmmA 

&1S v X © IS it S fi £ ± m 5B| , NWMtf&JItttt'?, >9fllft*aj|£'&Stfilffl&*Pi 

Tt^^rii^Tf. ( ) . -7?, **fti;w*iaja# , *5^H}tffla*TEi*i*, is it n # 

¥ $ ft ft tt T* , * RB it * «fc < a i® L . * n x * ;l/ * - * 14' »c ffi 5 A ft 5 C i: HI fig £ 
£3 (£) o *9SMlltK:£«£&4)±JI^JI%Mtf&llttttfc&!>. 10 

[00 1 8 ] 

± K I! # K K ft Rfi it ( A R ) Rtffffi ( ffl A tf MS » ) d > M it H . EWBiStflffi 
( A If « » 8Ufc ) ■ to 3 « IS it t * 3 , &Blc£i;TJB®»%««-?SS<:J:#W$ 

STi4i'. *Kto*&nKK.B>aTi t> awe, in^iw, g » is it $k 

[0019] 

^'^xcoif^, mmm&, mftmii? x<omm<D ztzfr, «v>«, §rt«y#7x<DKffi 

0«56*>IC3-fY>yi/Tl(|lj!t*. H 14 5* L T 4 ^ # , #7X#3/lfc&SK 
5*7^, £ # # 5 X 4 E iC t <£S S ffi fi T- 3 - r -f >yi5Mt5C t <5J fig £ 

[ 0 0 2 0 ] 

•3 * * <s «> m it ii ©m « m c w * « , 2 0 °c ) * ;a & u » ^ © 4 * , 2 n «»i a # cm * 

tf 5 °C t -T 5 t , ^»^, SrtfSS^2 O'CJ; OTlsl^/iif), H it « ¥ SI 

4 ( A ) ] o ^1 tC , IS m ft ®1 1 § t » f> ?mi #2 2 °C IC ± # 9 > 3?5XOrtttJtCfe*»Jt 30 

[ 0 0 2 1 ] 
[ 0 0 2 2 ] 

W ± fi , * 15 * 7 X CD 9 ^ (O - fflj f S> § # , ^77^7X01^, v x ® g? rt iJ tc 3 - r 40 
* &D"^7X<DSnffliJ^^7^^XOi4'HtC3-r w y^t4«^©^f 

nt-fe, K ffi t fc S§ it S ct 5 , gWtcJStT^ *Piit^^Ojg^-S#t*if)W(cSiJ 
itSLttfT'?^, "T fc % , 4< i«) -C U . ^> 2g iC m U T , 3-f^?OMfi if * 

o 

[ 0 0 2 3 ] 

* ^ 0^ <o «■ tt & ft ^ t , ^ffl)taifi**»*»ct'*fefto«ff<D«Hi««*sww±a 

m , m K «\ "Transfer— Matrix" ft *C J: D , [1+ l?t § C t T'f 5 ( 
B. HarbeckeiAppl. Phys. B 3 9 ( 1 9 8 5 ) 1 6 5 ) 0 Jfc, 8ft 

■ft^*Vft^Bff*flC0)ttiiS3£«(M. Tazawa, P. J in, S . 50 
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Tanemura:Appl ied Opt i c s 3 7 (1998) 18 5 8, Hand 
book of Optical 

Constants of Solids I : E d w a r d D. Palik.ed. 

A c a d e m i c Press, (1 9 9 8 ) 7 9 9. ) £ ?« ffi tC g+ U * 'il ^ . & M ¥S 

[ 0 0 2 4 ] 

*«0!T?tt, «8^tLT, »{t/<*S>* A, ^«7C*%jS*Ptfc»{k^+^'>^, IN 6 

js je iR % $ to t it m it i- v * h . it £ ^ £ $ to u fc ink ^ ^ s^tf /=> £ ffl <^ s <: t w t * 

I, c © t§ £ , fl A tf , # > y X -f > JS to It ft /Mr 'J v a HoffH tc (J , h'ij a? <o J: 3 tc 

. s cs 14 x /< y * & & is. t> ft z> o f ft b % , * > y x r > t ^ j> * a o £• & * - y v s 10 

£ K fS tt X ; W * , I^S^yxf yi^t->'H^-y7 h * - 7C n B$ X /< -y 2 f 5 

¥7-33 i 430, +r - * * a ^ v t ww mm) „ 

[ 0 0 2 5 ] 

* 51 flU T* U , 7 X tc ± IB IK ft * A % H it SI lc to A . nj % Jt 5 *t Efi ± H «r tt IS f § 
o SaS5jji)tSWK±fi^UT, # 31 tc « , ■Mbf'S'VJRttBtfttfflSft** 1 , c. ft ?> tc 

Cftet fifj % CD ft ft T- * ft If PJ $ tc &. /II t § C t ft V S 5 o C © Jg £ . ft * tf , 
■ ffc**>}fc«l*f*IU4, BU *. tf . f- * > 6 S * - f «y h £ ffi o fc S JS tt X / W 7 ffi , £ 

•y £ ft # * W SB tc M » t § c t tc ± 13 m S O IS b b 0 tl $ f£ £ ft * . 20 
[ 0 0 2 6 ] 

* n m « , a v x k ± s n ft * ->* •> a * ^ « w k * * , ?ia)ttswiwit»4R©tt^, 
ffjAtfj»«fii*ai!)S*fifot,o, m 7i a i t o ft jg m n i* v> a n ^ © t © ^ , ^ ^ 
x ic fi * ft it tc < < f*fc»o7;u5 , f* j f»s';i/3-7»«if^ttraafl!)t©4£:*flfffl-r 

[ 0 0 2 7 ] 

± i& co «fe o tc , *«WO*«IIEa»IUttK»i!r7X©ff«CttfflLfc^^v*ffil4, * Si 
aS^^-lcn-xY>yt-§/c46tctoi:tjiWft75-tecD---o-c : -$,? 1 o Lfr * O ffi 

r cd p/r & co si » 'it tf® e. n 5 is o , t'nsoftSH^ffiti, «F tc $ij pg s n s i © r- a ft ^ . 30 

[ 0 0 2 8 ] 

*'ff? t s , * 5S m v a « ±iB^«*Bi»»i)it»fi»^5xi:, ^msmmKmmfi 5 

X * 83 IS -T § '4? |H cd S I® £ Bf ^ co U ^ ;U tc g » Sit5Si$^t5 ffi ii g 11 ?r #| fig ^ « 
tLtttf^I'^Xf A?:||t5i:i:A'T't§, £ <D « ^ , ±IBffiPSHi:LT{i, ± 

iBittPJtKf^^^x^^B-rsffiHcDSg^giiisgii-rs^^^^-rstcDT'fenjf^ 

0«SJlcSiJffiSti5«:i:*<ffiffl-r5«:i:^-p*s, * ft tc £ o , «)t«o«}tSa*± 
tEa»ll«W«i*7X*HBbfcffilHomSoKJ£ailJB«WjfiKKigL, ffi Pel cd fi A< 

± its ,i jt s fi*T m «fc*w»*»6©«/»*iaai«*. m )t a fi * ± iui § 1 1 jt m * a m 40 

LT*x^;l/^-T-m^cDttjiSfitCffiPT5Ct*^^ftffiii^XrA5rffl«-r5Ci: 
T? * 5 . * ft m tc *j ^ T , ± IB ffi n i/ X f- A ti , ±K^«ft6W)tBrJ»^7^Kai:o¥ 
S*Wt0LTfflat5C i: tfi W (i T* * 9 , * CD M ft W ft ¥ IS ti t9 tc M ffiSft*fc<OT'tt* 
< . Ilo¥S*ffl^TttIlcRfttici:il'T?*«. 

[ 0 0 2 9 ] 

*^s^ti, a 7 7.icmit'M-w h&m%f&*&mLrz'pmm£®mytmmrt-7 

x. ( 1 ) a ? x tc ® it /M- ~>" l % m it m a xs *i m it s w k ± m * * a -r * , ( 2 ) ± 

ia»fk/^^ , fA3Rpy£ii©is3tiaasrawttaffiSKias , rs, §? ti ± ib a 9 x * ^ 

Ht-£>ffifflcOffiPSfitt3ficDm£cDU^;Mct3£-f§, Ci:tcj;t?±IB^7Xtc|l) , d&0 ; 50 
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m z ft m l k z t z & m 1 1 % $ mm & ® m^tm ® ft ? x . -c & t> , c<dwh&ic& 
o , #7xt> m^mm. njMjtsi*w±it, ta * a » ft , wmvt, m^mmw\, mm 
ftitw<Dmi&<Dii&&*mmwfctttot z c tz^mtt %rcVT*% < , fount, hj ti ft 

■ i-*cfc*^*fc-r*ifu^fflB»ffifttfaii^^TA*flias'r*i:i:*sii8!{fc-r*«: 

*»H-r*ffilBO»f«o»SlBBiifi(*iSk:|ftffiL, ffilHOiBS3V±IBIIJtiaS*Tia* 

icgsttTRiatsiHtsa/i'Tts. $ , * « n ? & , 04 * « , s © ^ 3 b# k 

5 o s , *a bh -e u , ffli *. tf , n ft i? m t m k a . an « as ®aifti&&*ffi£ftig m a k. 

JttJR*£ilWK:*irU TlalSi:tnfflJA^*|i|)t»*S!3Ati*«J:3fC'r'5<: ttfTZ 
[ 0 0 3 0 ] 

[ H ffi If U ] 

fa 6 PS JE S ti 5 t O T* (i ft !/> o 

SlflfefJlJ 1 20 
( 1 ) 7? ii 

*-^«s n t* a . w monm k. hk m m v^fd^x^^ § n * m ^tt a mmst m tc , 

* v - k 3 a s t* sa b ? § c t w v e , * n € n tc k id *js « w x u m m m m t* e it m ^ 

h (V, 050mm, *$ a 9 9 . 9%) , ft ffi <D 2 y ■? 7> t y * - ? y b ( W , 050m 
m , ^899. 99 %) , atffliOifkfi'y*-yy h (T i O 2 , 0 5 0mm, 
Hfi fi 9 9 . 9 9 %) ^SiLf;. IS^^2. 5 x 1 0 " 6 P a J-X T ft ft L ft . 7 ;1/ 

6 U IfiilT, ->U3> Ifi fiS A H -9-77-^7, Mtf^Xftiffcff ffl L 30 

/Co 

[ 0 0 3 1 ] 

H2KiStIiii8K, * 5 X lc, i^t^*^9A£Slftl£&tfiHt**y&^$ftK*t 
W±J»*1fclILfc«ja*{flfcLT.;tf5X0±»CTiO z /V0 2 / T i 0 2 £ ft 

Lft, fOfili, V0 2 4>JP£tf50nm. T i O 2 Of ^ A« 2 I t t K 2 5 nmW 
3fi T' W ti 3t g % K ± ^ £ « t iS ^ c 4: ^ W m L tc (05) o 
[ 0 0 3 2 ] 

£ fc , 0 2 (c ^ r s si w jfi , is =7 x k . i TOiiiiii, it ft 
y n ft ^ > 3s w n )t r w m ± m ft m m m * n m u rz m m ( i t o / v o z / t i o 2 40 
) *«iifcLTimufco * <d m s , i a n ic * # a a si * <o s ^ (06) t « a ft m n 

[ 0 0 3 3 ] 

*CT. C©tS»fc«-5^T,±ET10 2 /V0 2 /Ti0 2 tft§ftiS1g)i^ 
.hacx/W *ttKJ: OttJHLfc. V0 2 »lfiOf^|!|fCtt, ifil« 5 0 01C, MO 

• 6 P a . m m 7 % CD Ik ft T* , * 5> 7 A ^ - f y b \Z ffi M] » « ^3 1 8 0 W * to A T 7. /< 
V * * fT ^ , 5 0 n mOi{t;/^ti>^AiI^)f^Lfco ^ > 7*X f >i«0O V O 2 

M HM O SI »c a . W ± <0 ft ft t X , $ y 9 X r > * - V y h fc [Bj l o - 4 0 W % to * 
T Ifl B$ X ^ y * Z fi ^ , 5 0 n m © * > ^ X r > m to H ft '< + V *> A M St ^ IS t fc 
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[ 0 0 3 4 ] 

ft ft $Ui M fc o l> T , X $ 151 fit & , R B S 4 if fc J: *} , fo «1 & tf #5 SB » ffi * tf ra ft 

o 

[ 0 0 3 5 ] 

u&w®tf°it&%tt?tyt&$izm^T, 2 o °c mit'ii- w i*&*m#ft) & n 8 o °c 

( IBJ £ H ffl ) £> # ft a )§ ^> |p] g * £ ii & L ft 0 H fc , Sfi2 0 0 0 nmOH$©ri 

[ 0 0 3 6 ] 

( 2 ) IS % 

I5IC, V0 2 StfTIOi C)t*^ft*«oTS»IB±a»aKJ:»33ROBlSJta 

m <D V O 2 iTtililcMLT, T i O z /VO z /T I 0 2 liiOT i O z <D 
S?A^nftl2 5 nmffl^, nJJlT'fiail^ 3 6 % <b 6 2 % fc ^ # < fp] ± 

L ft e fc Bfi ?> T* £ o ft 0 C © C fc li > BJ 81 it a ii * BI U it EL %t ffi ± IK <0 ffl KiD 

[ 0 0 3 7 ] 

El 6 fc , lSOX/WiiSlCj;!)5JS!!f7Xail3ISJ:CV0 2 ( 5 0 n m ) Stf T i 20 

0 2 / V O 2 /Ti0 2 ( 2 5 nm/5 0 nm/2 5 nm) nfnfFiL 

, is » m ft ( m ft flu is ) ©#jtaa*RtfraiKW*©«ffc* A ^ ft «$ bt h « 

HH«'l*fi6ft*<fc3K:, T i 0 2 Ji0igffiftg#tW±fc£S^Mftaa*<O*£*l&]± 

3ta»iii*^"rc t««wwLfco $ ft. * ft nS * t- tt a ft # is /jp t s fc 31 ft , * ft m it ® at 

# & it 2 ft T V> < ft B/J 5 T* & % o 
[ 0 0 3 8 ] 

0 7 fc, #5Xfc, I TOii*tI, SHt^ A&i3ftlIgtfIHfc^ * aJtlft 

E3tKit*fttt»si*ttJ§iLfcfli5fi(iTo/vOi ! /Tio 2 )<E>&aitnot9*x 30 

h ;l/ * its f o H3ttWpte**ftaa*©Sf{t*<S6ftfco 

[ 0 0 3 9 ] 

0 8 fc , ± IB g W m 3t 7 X © M II g 3* R ft ( fi IB B* , ffi S B# ) &0Mt*Ktt»{bftOJKl 

« g » » ft fc , st*sisgitA'77 ( t i n §y ) fc <d it « * £ m m t* r . s n w ft a 
7xc ,i « flo vk , j»iagit*tta%^65o % © pi fc bj $ w fc $ ft l > & * a fc ng m m <d 
«mK»»tt*ss-r. s ft , iTo»ci»)«uiRW»tt**fl:Lfc-9->!/^-ett, 8 0 % 

[ 0 0 4 0 ] 

tt 1$ 01 1 

fi£ * HI <D m ft g W # 7 X fc L T , 5 5S # 5 X S £ ± fc T i O j, / T i N / T i O 2 ( 40 

3 0nm/3 0nm/3 0nm) *JS*X/<yifffiK«fcf)^KLfctO*IpffllU, T^^iJ 

^^tfoft. B9Ciiffl3Ro»ftaa* • HRWftsi'. c^&ti, hi fi it a a , *n 

KWi:^$«fflWjft5»l*tt*«Ttf, 16Sifl?icSti94 S IK fc * ,11 )tt ^ 14 * 

[ 0 0 41] 

w ± , *%wznmmic & -i^r mwL rev, * « a to is t ft $ sn »j fc m m * ft § t © 

[ 0 0 4 2 ] 

[ 51 BS © ft « ] 50 
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iJjpft»T^#5X£^tg<hLftk©T*$>D, ^(D<t-3*tSS'Jc0^m^^-rS 0 ti ft £ »t 

K±*j»*«ffl , r*cktc*t}P}i6*oBi«)tjaa*« < **<ii* , r*o » ft & © » it k 

«fc DJUttfcfT-aTfc W ic rwi (/> 2 BJ) ft * W o o J5 At RS ± K. ft » fi W % R © ffi ffl K * t) tt ti ft 
WrJtt1£A<ff&n, £ft> 5WW±ll*llft^*>*««l«i:-r**&> Hi fj tH ft W , 

IS £ f 5 C i:T-Itcib^t-?.§^^?)^*l^7 1 £^$Slt^^)fiiT^n> £ fc is ^ X « « W fc * 

wtiSBssns. n ft © ft a k a i x * ;i/ % - * & % © m m * 

^StLftv. *BfPJt4» gf)Pftl0rft«ti> «^aWtt«fH, »^«nttXHr«IB. « 10 
4*8S8SiSMk«fll& 2*tfc£Ufc» ± < «r U ^ £ 18 m £ i) H ft K M # 5 X * 

ffi $ t § c t * rj &i 1 t z> o it s % * n id » , 9>j «u db na > w tr « * if © # n w t > s x 
* ;i/ # - - , a m tt a , «»»fka^o*»©«(n*f*iP'r*j:t*Bii)it"r«o *r l ^ £ 

«ffea»lHft»r«i*r5Xi:LT\ 8 IS « 1 ^ © fffi 1 i§ W ^ © K ffl tf^ ^ ^ $ f# $ & 0 
[0ffi©fB5#fci»$] 

[ill] BlH, *«W«iKlW)t»r»0«l#l*8!iW'r*«lttH-e&So 

[02] i2ii, iii ®Mftmmtf5xk%z?&®wi&&tfmmz*t 0 

[03] B3li, gl&ailftWSfta-T^y^fctf^XfcOffiilllllfc^ * « # 5 X , ^7 
# 7 X % © fiflj i: L T tts T o 

C04].H4{i,S||t«fc5g|!lfflJ)t»rJ»5?jSO-0IJ*^-ro 20 
[05] B5U, EWKihaillCiDfl-WUfcT i0 2 (d 1) / V 0 2 (50nm 

) / T i O 2 (d2)«BlffifioWfl[4:nHg)taHI*(T I1I1I1 ) tOM^St. 
[06] 0 6 (4 , * « »3 K M L T . 5^^7X»tS±lCJg^UftV0 2 (50nm) & 

ffT i 0, /V0 2 / T i O 2 (25nm/50nm/25nm) iSOffifi^ffl 

& (nutiiflft) <aftftaaa¥<Di£{fc**fo 

[07] 0 7 (4 , A^XiCl TO/V0 2 / T i 0 H *S i£ £ ft iHL ft « L ft P ft B# 

© 5i a x ^ ^ h >i © - #j & jfi t o 

[08] 08 ti, SmmKiS? X<DmffiKfti¥i& ( fg S R# , ffi ■# , ft « g ft $ it M ) £ 

ffi*i»iE«*7^ (tins) t © it « * * ft x ^ >j v ji> m m m x* m * . 
[09] 0 9 (4 % 5 is * 5 x a ts ± tc s ^ l ft ue * m <d m m s. *t » -5 x © - m , t i o 2 30 

/ T i N/T i 0 2 (30nm/30nm/30nm) ^jico^^aji^RyfelSIt 
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